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Abstract: Urban streams and rivers often experience high levels of pollution from anthropogenic
sources. Litter and plastic debris are of particular concern because they negatively impact ecosystem
health, increase the risk of flooding, and limit human recreational opportunities. In the City of
Knoxville, Tennessee, several urban streams are posted as impaired, with health and use advisories
in place. Despite remediation efforts from local governance and charitable initiatives, urban stream
pollution remains a pervasive issue in Knoxville. To support and inform local remediation actions
and sustainable policy-making, this study seeks to model the relationship between meteorological
and hydrological variables and anthropogenic debris pollution in three of Knoxville’s urban creeks.
The study uses an innovative approach that includes the use of data from a local stream cleanup
initiative. The results, which identify a number of significant relationships, are discussed as they
relate to the locally specific context. The implications for local remediation actions and policy-making
are discussed. Also, the limitations and directions for future study are presented.
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1. Introduction

According to the 2020 Monitoring and Assessment Report by the Tennessee State
Department of Environment and Conservation, just 8% of the state’s streams and rivers
fully support their designated uses [1] (p. 46). The report highlights that although demands
for extractive uses, such as irrigation and domestic water supply, are largely fulfilled, it
is the widespread degradation of water quality that threatens uses linked to ecological
functioning and human recreation. Specifically, the report finds that just 56% of Tennessee’s
streams and rivers met the state’s permissible threshold for sustaining fish and other aquatic
life, while just 44% adequately support recreational activities [1] (pp. 45-46). Alarmingly,
these statistics are part of an ongoing trend of deteriorating conditions in Tennessee’s
streams and rivers, with significant environmental and societal implications.

In urban settings, the degradation of stream and river water quality is of heightened
concern due to its association with various critical factors. These include public health
and safety risks [2], the reduction of community river connections [3], adverse effects
on economic prosperity [4], and decreases in recreational prospects [5]. In Tennessee,
municipal pollution sources are frequently cited as the primary drivers of urban waterway
impairment, with 61% of municipal pollution directly attributable to urbanized (high
population density) areas [1] (p. 82). In urbanized areas, municipal pollutions present
pervasive management dilemmas for urban governance structures because they are often
linked to non-point source pollution from stormwater runoff, which is challenging to
regulate [6].

The City of Knoxville, which is Tennessee’s third-largest city by population, experi-
ences significant municipal source pollution of its streams and rivers. Many of Knoxville’s
streams transport anthropogenic substrates, harmful bacteria including Escherichia coli (E.
coli), high sediment loads, and high nutrient loads from urbanized areas to the adjoining
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Tennessee River [7]. Accordingly, many of Knoxville’s streams and rivers are designated as
impaired, with several public health advisories in place [8] (p. 2). Recognizing these issues,
the City of Knoxville Municipality has enacted various policies and partnered with several
local organizations to attempt to clean up local waterways (a summary of the policies and
partnerships is available in Table 1).

Table 1. Stream and river pollution remediation initiatives in the Knoxville area.

e . . City of Knoxville .
Initiative Name Primary Agency Municipality Affiliated Function
Remove plastic debris from the
[jams River Rescue Jjams Nature Center Yes .Ten,nessee Rlver, the Tenne.zssee
River’s shorelines, and its tributary
creeks in Knoxville
Creek and Greenway Cleanup  Keep Knoxville Beautiful Yes Remove debris from Knoxville’s

Third Creek Greenway using kayaks

Keep the Tennessee River
Beautiful

Remove plastic debris from the
Tennessee River. Multiple volunteer
River Cleanup Yes days along the course of the
Tennessee River and urban creeks
in Knoxville

Cheers to Clean Water: Paddle
Off and Cleanup

Competitive boat race that
encourages plastic debris cleanup
along the route of Tennessee River

in Knoxville

Water Quality Forum Yes

While previous research has examined various aspects of pollution in Knoxville’s ur-
ban creeks, including nutrient, microbial, and fecal coliform transport [9,10], little research
has sought to investigate the patterns of litter debris pollution. This is surprising because
litter debris, henceforth referred to as refuse, represents a substantial local challenge [11,12],
and a predominant focus of local remedial initiatives (as described in Table 1). In fresh-
water environments, refuse pollutants are of particular concern because they encompass
plastic materials, which are known to impact aquatic ecosystem health [13,14], increase the
likelihood and severity of flooding [15], and discourage community recreational uses [16].

Yet, to date, the study of plastic pollution in freshwater environments remains un-
derstudied [13,17-19]. While the literature regarding marine plastic pollution is more
established, we know comparatively little about the drivers of freshwater plastic pollution.
Urban areas are assumed to be the main source of freshwater plastic pollution owing to
high anthropogenic activity [20]. However, beyond this simplistic conceptualization, there
is a limited understanding of how environmental drivers support the movement of refuse
materials from urban landscapes to freshwater systems. Initial evidence suggests that pre-
cipitation events, which drive surface water runoff, work to mobilize refuse materials and
transport them into freshwaters [21-24]. However, this finding is inconsistent among urban
contexts [20]. Even less is known regarding how additional meteorological variables, such
as wind, and hydrological variables, such as river discharge rates, relate to the transport of
refuse materials [23,25].

This existing knowledge gap is, in part, tied to the skewed focus of the literature,
which has prioritized the study of microplastics, when compared to mesoplastics and
macroplastics [17]. Yet, in urban freshwaters, which represent a primary point of entry for
refuse materials [20], mesoplastics and macroplastics are commonplace, with anthropogenic
litter often comprising plastic bottles, bags, and packaging [17,26]. Indeed, evidence
suggests that mesoplastics and macroplastics represent a significant proportion of the
plastic volume in freshwaters [27,28]. From a socio-ecological standpoint, mesoplastics and
macroplastics are significant because, as conspicuous pollutants, they deter the recreational
utilization of freshwater [16]. Moreover, they pose ecological threats through species
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ingestion [29] and plastic-species entanglements [18], before fragmenting into microplastics
that present other pervasive challenges [30].

There is a critical need to better understand how environmental drivers relate to the
transport of refuse materials to urban freshwaters. To begin to address this knowledge gap,
this study investigates the role of hydrological and meteorological variables, which are
known to relate to pollution characteristics in other urban contexts, and their relationship
to refuse pollution in Knoxville’s streams. By identifying a number of significant relation-
ships, this study makes a number of recommendations for sustainable development and
sustainable urban planning. Finally, study limitations and directions for future research
are discussed.

2. Materials and Methods
2.1. Study Area

Knoxville, which is located in eastern Tennessee, has a population of just over
190,000 residents. Surrounded by the Great Smoky Mountains to the east and the Cum-
berland Plateau to the west, Knoxville has a humid subtropical climate [31]. Knoxville
has a small but dense urban center, which is positioned north of the city, near the main
campus of the University of Tennessee and the downtown district. However, beyond this
core, Knoxville exhibits much urban sprawl, with lower building density and height [32].
North and south Knoxville are split by the Tennessee River, which is formed at the nearby
confluence of the Holston River and the French Broad River. From Knoxville, the Tennessee
River flows southwest and eventually joins the Ohio River in western Kentucky.

The streams First Creek, Second Creek, and Third Creek each meander through the
heart of north Knoxville’s most urbanized district. Each draining into the Tennessee River,
these streams have been individually assessed by the State Department of Environment
and Conservation and determined to be impaired [7] (p. 2). Table 2 describes the causes
and potential sources of impairment for each stream.

Table 2. Waterway impairment data taken from Tennessee’s List of Impaired and Threatened Waters [7].

Stream Name Impairment Cause Potential Impairment Source

First Creek Escherichia coli (E. coli) Municipal (urbanized high-density area)

First Creek Escherichia coli (E. coli) Sanitary sewer overflows (collection system failures)

First Creek Nutrients Municipal (urbanized high-density area)

First Creek Anthropogenic substrate alterations Municipal (urbanized high-density area)

First Creek Sedimentation/siltation Municipal (urbanized high-density area)
Second Creek Escherichia coli (E. coli) Municipal (urbanized high-density area)
Second Creek Escherichia coli (E. coli) Sanitary sewer overflows (collection system failures)
Second Creek Nutrients Municipal (urbanized high-density area)
Second Creek Anthropogenic substrate alterations Municipal (urbanized high-density area)
Second Creek Sedimentation/siltation Municipal (urbanized high-density area)

Third Creek Escherichia Coli (E. coli) Municipal (urbanized high-density area)
Third Creek Escherichia Coli (E. coli) Sanitary sewer overflows (collection system failures)
Third Creek Nutrients Municipal (urbanized high-density area)
Third Creek Anthropogenic substrate alterations Municipal (urbanized high-density area)
Third Creek Sedimentation/siltation Municipal (urbanized high-density area)
Third Creek Sedimentation/siltation Site clearance for development or redevelopment

Additionally, the Tennessee Division of Water Resources has placed each stream on
the state bacteriological and fishing advisory list, meaning that fish should not be taken
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or consumed from these waters for risk of contamination [8] (p. 2). Each stream experi-
ences sporadic flash flooding, which can impact recreational access to adjacent greenway
trails and nearby property [33]. The City of Knoxville Municipality has erected notice
signs along each creek warning against physical contact with the water. The Tennessee
River in Knoxville also exhibits poor water quality. In addition to pollutants linked to
agricultural sources, the Tennessee River exhibits alarming rates of plastic and microplastic
pollution, which have been linked to adjacent landfill sites and litter from municipal source
pollution [34].

2.2. Sampling
2.2.1. Creek Refuse Pollution

Data regarding the volume of refuse pollutants present in First Creek, Second Creek,
and Third Creek between January 2021 and November 2022 were obtained from a local
river cleanup initiative. The cleanup initiative collected and measured the volume of refuse
materials present in each creek at its respective confluence with the Tennessee River. At each
collection site, the cleanup initiative continuously deployed an Elastec Spill Containment
Boom across the width of the creek confluence. The containment boom, which comprises
a 10.1 cm floating barrier and a 15.2 cm subsurface curtain, works to prevent the flow of
surface-moving debris from the creeks into the Tennessee River. The boom does not prevent
the transport of refuse that is moving via suspension, saltation, or traction at depths below
the subsurface curtain. Appendix A displays the deployment of the containment boom at
Third Creek.

During the sampling period, the operations of the cleanup initiative were guided
by the boat captain. Across the sampling period, 163 individual site collections were
conducted. The collection procedure involved the use of a 7.3 m SeaArk boat to visit
and visually inspect each site. At each site, the captain evaluated the extent of pollutant
accumulation and determined whether the threshold for initiating a cleanup was met. The
captain described this threshold as being met when the volume of pollutants present was
expected to fill at least one 125 L container. When the captain deemed this threshold to be
met, a full collection of visible refuse materials was conducted.

The collection methodology was consistent between all sites. The captain positioned
the boat adjacent to the containment boom and used a 55 cm diameter net with a 2 cm
diameter mesh and 3 m handle to collect all visible refuse pollutants. Due to the nature
of the collection net, refuse materials smaller than 2 cn were not collected. A 3.6 m boom
with an attached metal hook was used to reach refuse lodged in rock revetments positioned
along the creek banks. Bycatch of natural matter and organic materials was discarded prior
to placing the refuse pollutants into a 125 L container, which was lined with a bag. Once
in the container, efforts were made to compress the items collected, and a container was
considered full once there was no longer space to add additional items (Appendix B). A
site collection was considered complete when no more pollutants were visible. As such, the
duration of each site collection was variable, ranging from approximately 30 min to 90 min.
Once collection was complete, the number of 125 L containers collected at each site was
recorded in a Microsoft Excel workbook. In total, across the sampling period, 1,308,125 L
bags were collected, representing a volumetric total of 163,500 L.

As it pertains to this study, it is notable that while sampling occurred at irregular
intervals, the data collected describe the cumulative volume of pollutants amassed at the
containment booms over time between the sample periods. Therefore, it is possible to
determine the rate of pollutant accumulation by considering the volume amassed divided
by the duration of accumulation.

2.2.2. Hydrological and Meteorological Variables

In this study, two meteorological (precipitation and windspeed) variables and two
hydrological variables (tributary creek level and tributary creek flow rate) are considered.
The descriptions of each variable and their data source are provided below.
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Historic data regarding the meteorological variables of precipitation rate and wind-
speed were obtained from the National Oceanic and Atmospheric Administration’s (NOAA)
weather monitoring at McGee Tyson Airport, Knoxville. As the closest NOAA weather
station to the confluence sampling sites, the station is located approximately 10 miles
southwest of the river sampling sites. For both precipitation and windspeed, the NOAA
data are provided as a daily average. The precipitation rate is recorded in inches and the
windspeed is recorded in miles per hour. The NOAA precipitation data are categorized
into three types: rain, snow, and ice. As such, it was necessary to sum the total precipitation
for each type to calculate the overall precipitation rate.

Historic data regarding the First Creek stream level (gauge height) and First Creek
stream flow rate (discharge) were obtained from the City of Knoxville’s monitoring system
located in First Creek [35]. Using an automated system, the monitoring station takes
measurements of First Creek’s gauge height and discharge rate every 15 min. The stream
level data are recorded in feet and the stream flow rate data are recorded in cubic feet per
second. Data on the gauge height and discharge rate for Second Creek and Third Creek
were unavailable for use in this study. However, due to the close geographic proximity of
the three respective creeks, their similar hydrologic characteristics, and their similar spatial
orientations within Knoxville’s urban district, it is likely that fluctuations in the gauge
height and discharge rate of First Creek will be moderately reflective of the conditions in
Second Creek and Third Creek [35].

2.3. Analyses

In this study, due to limitations in the procedural collection and abundance of data
regarding refuse pollutant accumulation (see Section 4.1), a data aggregation approach
was deployed to support statistical analyses and interpretation. In the analyses, pollutant
data from First Creek, Second Creek, and Third Creek were grouped and assessed across
monthly intervals. Similarly, precipitation, windspeed, creek level, and creek flow rate
data were aggregated to the monthly level. Data were aggregated to the monthly level
because this time period was short enough to provide a granular view of short- to mid-term
fluctuations in the independent variables, while being long enough to encompass multiple
sampling collections within the dependent variable dataset. This strategy allowed for the
identification of more reliable conclusions and the detection of significant patterns, which
might have been otherwise challenging to identify.

To explore the relationship between meteorological and hydrological variables and
refuse pollutant accumulation, a dynamic regression model with autoregressive errors was
implemented. Specifically, rainfall, windspeed, the creek level, and the creek flow rate were
examined as independent variables, while refuse pollutant accumulation served as the de-
pendent variable. After an initial examination of the model assumptions, multicollinearity
was found to exist between the variables creek flow rate and creek level. Therefore, the
variable creek level, as a less significant model term, was removed from the model. The
subsequent model, which includes the three independent variables, rainfall, windspeed,
and the creek flow rate, satisfied the model assumptions, with normally distributed resid-
uals and without any identifiable outliers. Due to the incomplete time series data in the
dependent variable dataset, a time-series model was not appropriate, so a stationary model
was used. Consequently, the model is unable to support the identification of seasonal or
time-series trends. The analysis was performed in IBM Corp. Released 2023. IBM SPSS
Statistics for Windows, Version 29.0. IBM Corp: Armonk, NY, USA.

3. Results

Using a dynamic regression model analysis, the association between meteorological
and hydrological variables and refuse pollutant accumulation was assessed. The model
works to explain 63.6% of the variation in the dependent variable (R-Squared = 0.636).
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The statistical model can be written as:

Refuse Accumulation, = 4.343 + 14.256Rain; — 0.371Wind; — 0.003Creek Flow Rate; + €
€ = 0.348¢;_1 + wy ,
wy ~ iid N(0,02).

where Refuse Accumulation, is the refuse accumulation at time t, Rain; is the average
rainfall for the month at time f, Wind; is the average monthly windspeed at time ¢,
Creek Flow Rate; is the average monthly creek flow rate at time ¢, €; is the autoregres-
sive error at time ¢, and wy is the normally distributed white noise series.

The model revealed that the intercept term (4.343) was statistically significant
(t =5.738, p < 0.001). The autoregressive term was found not to be significant (t = 1.462,
p = 0.162), signifying that the previous value of refuse pollution does not exert a significant
influence on the current value.

The variable rainfall emerged as a statistically significant predictor (¢ = 4.252,
p < 0.001) of refuse pollutant accumulation, with an estimated coefficient of 14.256. This re-
sult indicates that for each one-inch increment increase in the daily precipitation rate, there
was a corresponding increase in the rate of accumulation of refuse pollutants of 14.256 bags
(where each bag represents a 125 L volume). The variable windspeed also demonstrated
statistical significance (t = —2.945, p = 0.009), with an estimated coefficient of —0.371. This
finding suggests that for every one mile per hour increment increase in windspeed, there
was a corresponding decrease in the rate of accumulation of refuse pollutants of 0.371 bags.
Finally, the variable creek flow rate displayed statistical significance (f = —3.060, p = 0.007),
with an estimated coefficient of —0.003. This result suggests that for every one cubic foot
per second increment increase in the stream flow rate, there was a corresponding decrease
in the rate of accumulation of refuse pollutants of 0.003.

These results are described in Table 3 below.

Table 3. Model summary spanning the combined model and variables rainfall, windspeed, and creek

flow rate.
Coefficient Standard Error t Sig.
Combined Model 4.343 0.757 5.738 <0.001
Autoregressive Term 0.348 0.238 1.462 0.162
Rainfall 14.256 3.353 4252 <0.001
Windspeed —0.371 0.126 —2.945 0.009
Creek Flow Rate —0.003 0.001 —3.060 0.007

4. Discussion

The urban streams of Knoxville, Tennessee, experience poor water quality predom-
inantly because of municipal source pollution. As impaired waterways, these streams
are unable to support critical socio-environmental functions and pose human health risks.
To better understand the dynamics of this problem, this study endeavored to model the
accumulation of refuse pollutants at the confluence of three urban tributaries of the Ten-
nessee River in Knoxville. The results indicate that the hydrological variable creek flow
rate and the meteorological variables precipitation rate and windspeed are related to the
accumulation of anthropogenic pollutants.

Numerous studies have established a link between meteorological processes, including
wind and rain, and the accumulation of anthropogenic pollutants in bodies of water [36-38].
However, from this body of evidence, it is clear that meteorological processes interact with
other contextually dependent factors to produce divergent pollution outcomes between
places. In urban areas, the spatial distribution and topological profiles of impervious
surfaces relate to patterns of surface water runoff, which in turn influence the transport of
pollutants to bodies of water [39,40]. Other factors, including the efficiency and capacity of
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a city’s stormwater system, work to further modify the relationship between meteorological
conditions and riverine pollution [41]. Similarly, hydrological variables such as the stream
level and flow rate are known to influence a river’s carrying capacity, which relates to the
ability of the system to transport pollutants [42]. Like meteorological variables, hydrological
variables interact with locally dependent factors, such as the formation and presence of
channel blockages, including woody debris jams and refuse pollutant jams, to produce
variable effects on pollutant transport [15,43]. Thus, considering the notion that stream
pollution dynamics are highly contextually dependent, it was important to establish the
locally specific relationship between hydrological and meteorological variables and refuse
pollution in Knoxville.

In this study, precipitation was found to positively relate to the volume of anthro-
pogenic pollutants collected. One explanation for this result is linked to the abundance of
impervious surfaces and the moderately high relief urban landscape that surrounds the
First Creek, Second Creek, and Third Creek, which work to increase the rates of surface
water runoff and pollutant transport during rainfall events [10,44]. This finding is largely
consistent with studies of refuse pollution in other urban contexts [45,46]. The pervasive
nature of this challenge is acknowledged by the City of Knoxville municipality, which de-
notes the flash flooding of its urban environments as a current challenge in its sustainability
goals [47]. Additionally, this finding indicates that while the City of Knoxville Municipality
has invested in refuse pollutant remediation measures within the stream catchments [48],
these measures are insufficient to moderate the significant local impacts of precipitation on
stream pollution.

The finding adds to the existing research that has established links between precipita-
tion events and increased nutrient and bacterial pollution in Knoxville’s urban creeks [9,10].
In this context, the local municipality may consider significant modifications to urban
drainage, such as the implementation of practices and techniques consistent with Sustain-
able Urban Drainage Systems (SUDS) [49]. By seeking to mimic natural water systems,
SUDS endeavor to alleviate the adverse impacts of non-point source pollution by increas-
ing infiltration and reducing surface water runoff, and improving water retention and
reuse [49,50].

In this study, while precipitation was found to relate positively to the volume of
refuse pollutants collected, both windspeed and the stream flow rate were found to relate
negatively to the volume of the refuse pollutants collected. On the face of it, these results
are somewhat unintuitive and largely contradictory of the findings in other research
contexts [51]. Research has demonstrated that higher windspeeds tend to support both the
movement of refuse materials to streams and the transport of floating material once in the
watercourse [20]. Similarly, higher discharge rates can work to increase refuse pollution
rates by remobilizing materials previously trapped within features of the watercourse [52].
However, a number of additional factors are known to moderate these influences on
pollution dynamics. As the stream flow rate increases, associated increases in the stream
gauge height work to expose floating refuse to vegetative obstructions in the riparian
zone [53]. Connectedly, increases in stream flow rates can support the formation of natural
and anthropogenic material jams and blockages, which work to moderate rates of material
transport [15,43]. Additionally, as it relates to the accumulation of refuse materials at
the spill containment booms deployed at the collection sites, it is likely that increases in
turbulence associated with higher windspeeds may decrease the efficiency of the booms in
trapping refuse material [54]. However, further research is required to establish the role of
windspeed and turbulence in moderating the efficiency of booms [55].

While the interpretation of the results of this study is limited by the relative infancy of
the scientific literature regarding freshwater refuse pollution dynamics [14], the findings
represent an important first step in supporting local remediation socio-environmental
actions. Recognizing the remarkable success of other local socio-environmental actions,
including the establishment of Knoxville’s Urban Wilderness [56], and Knoxville’s Urban
Greenway Network [57], it is critical that improvements are made to local waterways to
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support positive socio-environmental outcomes. It is striking that Knoxville’s urban creeks
are unable to support recreational activities such as fishing, paddling, and bathing, which
are commonplace in other urban waterways [58,59]. The desire for such change is evident
in the popularity of Knoxville’s still waters, including the lakes at Fort Dickerson and
Augusta Quarry, which exhibit superior water quality and heavy recreational use [60].

As the findings of this study relate to supporting local remediation actions, such
as those described in Table 1, it is notable that rainfall is distinguishable as the primary
local determinant of refuse pollution dynamics. By monitoring local rainfall patterns and
scheduling cleanup events to correspond with periods of high rainfall, local remediation ini-
tiatives can systematically operate during periods when high volumes of refuse pollutants
are likely to be present, thus improving their efficiency. Although the variables windspeed
and the stream flow rate were found to negatively relate to refuse pollutant accumulation,
the aforementioned complexities in interpreting their respective influences on pollutant
dynamics, and their relatively small influence on the accumulation of refuse pollutants,
make their suitability for consideration by local initiatives less appropriate. Caution should
be exercised when considering the generalizability of the study findings to other local and
regional contexts because site-specific factors will influence the transferability of inferences.

4.1. Limitations and Direction for Future Research

A number of limitations are identifiable in this study. While this study focused on
meteorological and hydrological variables, other variables are known to be important de-
terminants of stream pollution dynamics. For instance, in urban environments, individuals
experiencing unsheltered homelessness often seek refuge near waterways because such
areas provide shaded spaces and access to water for essential functions such as drinking,
washing, and cooking [61]. Unsheltered populations pose a risk to water quality by prac-
ticing open defecation [62], and through littering [63,64]. As a significant population of
unsheltered individuals reside in Knoxville’s urban districts [65], future research should
consider the role of this social variable in refuse pollution patterns, particularly as it pertains
to seasonal fluctuations in unsheltered homelessness [66].

Another limitation relates to the use of secondary data regarding refuse pollutant
accumulation, which were collected by a local cleanup initiative. Specifically, the data
collection methodology was only semi-systematic, involving sampling at irregular inter-
vals. Consequently, it was necessary to aggregate pollutant data among sites and across
a monthly timescale, which reduced the granularity of inference and the identification
of varying dynamics between streams. Future research, which is supported by superior
and complete time-series data, should seek to develop a predictive model for pollution
dynamics. The results of such analyses would present improved support for local policy-
making and remediation initiatives. Similarly, this study only considered three independent
variables. However, future research should continue to assess the rapidly evolving field
of anthropogenic debris and plastic pollution dynamics in freshwaters, in order to better
account for emerging variables of interest.

A further limitation is that this study only evaluated refuse materials that were retained
at the spill containment booms and were sufficiently large enough to be collected via a net.
It is important to emphasize that the containment booms do not block the downstream
transport of all refuse materials. Instead, the booms work to block materials that are either
floating or suspended in the upper water column. Furthermore, as refuse materials were
collected using a net with a 2 cm mesh, materials smaller than 2 cm were not included
in the analyses. Consequently, the results of this study are limited to modeling only the
larger materials accumulated at the containment booms. Future research should seek to
understand the relative efficiency of containment booms in preventing the downstream
movement of refuse materials.
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5. Conclusions

Maintaining and improving water quality is an important consideration for sustainable
development [67]. Yet, in urban freshwater settings, anthropogenic refuse pollution receives
little attention compared to other forms of pollution [28]. While it is established that refuse
pollution threatens aquatic ecosystems [13], human recreational opportunities, and human
health [28], we poorly understand the mechanisms that drive refuse pollution in urban
freshwaters [18]. Specifically, there is a critical need to identify the environmental drivers
that work to mobilize and transport refuse materials from urban landscapes to nearby
freshwaters. The identification of such drivers is important for supporting sustainable
decision-making [20].

In this context, this study endeavored to model the dynamics of refuse pollution in
three urban creeks in Knoxville, Tennessee. The results indicate that the environmental
variables precipitation, wind, and the creek flow rate relate to the accumulation of refuse
pollution. These findings emphasize the importance of considering multiple environmental
factors in the management of refuse pollution. While this study represents an essential
first step, future research should seek to identify and investigate additional environmental
factors that may relate to refuse pollution dynamics. As additional variables are identified,
an enhanced understanding of refuse pollution dynamics can support the refinement of
effective remedial strategies.
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Appendix A

Figure Al. Deployment of the spill containment boom (yellow) across the confluence point of Third
Creek and the Tennessee River.
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Appendix B

Figure A2. Example of the refuse pollutants collected. Image taken from a September 2023 collection
at Third Creek.
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